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Agent: Sumihiro Maeda, patent attorney 

[There are no amendments to this patent.] 

Abstract 
Objective 

To discover an effective drug for preventing or treating diseases that are characterized by 
accumulation of monocytes at lesions, such as atherosclerosis and osteoarthritis, for example. 

Constitution 

The MCP-1 agent for inducing gene expression containing the prostaglandin Ei 
derivative expressed by the formula below: 




(in the formula, R* is hydrogen, a straight or branched Ci-Cio alkyl group or 1 -equivalent cation; 

is hydrogen or a methyl group; R^ is a straight or branched Ci-Cjo alkyl, or Cs-Cg cycloalkyl 
group; n represents either 0 or 1 ; X and Y are either -CH2- or a sulfur atom, but they cannot both 
be sulfur atoms). 

Claims 

1 . Agent for inducing expression of the monocyte chemotactic factor gene, containing as 
the active ingredient the prostaglandin Ei and/or enantiomer thereof expressed by formula (1) 
below: 




(in the formula, R* is hydrogen, a straight or branched Ci-Cio alkyi group or 1 -equivalent cation; 
R^ is hydrogen or a methyl group; R^ is a straight or branched Ci-Cio alkyl, or a C3-C8 cycloalkyl 
group; n represents either 0 or 1 ; X and Y are either -CH2- or a sulfur atom, but they cannot both 
be sulfur atoms). 
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2. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claim 1 above wherein the monocyte chemotactic factor is MCP-l/MCAF. 

3. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claim 1 or 2 above wherein R' of formula (1) above is hydrogen or methyl. 

4. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claims 1 through 3 above wherein of formula ( 1 ) above is hydrogen. 

5. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claims 1 through 4 above wherein, for formula (I) above, « is 0 and R^ is a pentyl group or a 
2-methylhexyl group. 

6. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claims 1 through 5 above wherein the carbon bonded to R^ of formula (1) above is an 
assymmetric carbon, and the absolute configuration is S. 

7. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claims 1 through 3 above wherein R^ of formula (1) above is a methyl group. 

8. The agent for inducing expression of the monocyte chemotactic factor gene according 
to Claims 1 through 4 or Claim 7 above wherein, for formula (1) above, n is 1 and R^ is a butyl 
group. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The invention pertains to an agent for inducing gene expression. More specifically, it 
pertains to a agent for inducing expression of the monocyte chemotactic factor gene containing 
prostaglandin Ej as the active ingredient. 

[0002] 
Prior art 

Prostaglandins have various physiological uses such as in suppressing platelet 
aggregation, vasodilatory hypotensive action, inhibition of gastric acid secretion, relaxing the 
smooth muscle, cytoprotection, and diuretic action, for example; it is an effective compound for 
treating or preventing myocardial infarction, angina pectoris, arteriosclerosis, hypertension, 
duodenal ulcers, induction of labor, or abortion, for example. Of these, prostaglandin Ej has a 
powerfiil platelet aggregation action and vasodilatory action, and is already in clinical use. 
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[0003] 

Of the compounds disclosed in the detailed explanation of the invention, 
7-thiaprostaglandin Ei has already been disclosed by the applicant; it has been disclosed that this 
compound shows activity in preventing metastasis of malignant tumors, as well as 
antiarteriosclerotic, antimyocardial infarction, antiangina, and antithrombogenic activities due to 
its platelet aggregation inhibitory action, hypotensive action, and vasodilatory action (Japanese 
Kokai Patent Application No. Sho 58[1983]-1 10562). On the other hand, 7-thiaprostaglandin Ei 
has been useful in diabetic neuropathies (Japanese Kokai Patent Application No. Sho 
64[1989]-52721). 

[0004] 

Of the compounds disclosed in the invention, 5-thiaprostaglandin Ei derivatives are also 
known compounds that have been previously disclosed by the applicant; they have excellent 
antitumor activity (Japanese Kokai Patent Application No. Sho 61 [1986]-233664). 

[0005] 

On the other hand, monocyte chemotactic factors, for example MCP-l/MCAF, are 
produced by T-lymphocytes, macrophages, smooth muscle cells, fibroblasts, and vascular 
endothelial cells, for example. There is a specific chemotactic factor for monocytes, and it is 
known to be a factor that has a central relation to the promotion and control of the 
inflammation/immune response at a lesion by causing monocytes in the blood to concentrate 
around a malignant tumor such as a melanoma, for example, or at the site of atherosclerosis, 
rheumatoid arthritis, or ossification (see, for example, Loenard, E. J., and Yoshimura, T. (1990) 
Immunology Today, Vol. 1 1, pp. 97-101; Nelken, N.A. et al.. The Journal of Clinical 
Investigation (1991), Vol. 88, pp. 1 121-1 127; Koch, A. E. et al.. The Journal of Clinical 
Investigation (1992), Vol. 90, pp. 772-779; Hanazawa, S., et al.. The Journal of Biological 
Chemistry (1993), Vol. 268, pp. 9526-9532; and Graves, D. T. et al., American Journal of 
Pathology (1992), Vol. 140, pp. 9-14). 

[0006] 

For this reason, it is hoped that this agent for inducing gene expression will be useful as 
an agent for treating and/or preventing atherosclerosis, articular rheumatism, osteoarthritis or 
degenerative arthritis, for example, but there are no reports of lower molecular compounds that 
have this property of inducing gene expression. 



5 



[0007] 



It is also known that prostaglandin E-type compounds affect gene expression (see, for 
example, Phipps, R.P. et ah. Immunology Today (1991), Vol. 12, pp. 349-352; or Martin, C,A., et 
al., Cellular Immunology (1991), Vol. 135, pp. 245-258); however there are no reports that 
monocyte chemotactic factors, such as MCP-l/MCAF, have the ability to induce gene 
expression. 

[0008] 

Problem to be solved by the present invention 

The problem to be solved by the present invention is the discovery of an agent for 
inducing the expression of monocyte chemotactic factor genes, such as MCP-l/MCAF, for 
example. 

[0009] 

Means to solve the problem 

As a result of conducting a series of diligent investigations, the inventors discovered that 
prostaglandin Ei or its pharmaceutically acceptable salt has the effect of inducing expression of 
the gene for monocyte chemotactic factors, such as MCP-l/MCAF, for example, and that it is a 
useful medical compound as a remedy and/or preventative for diseases in which monocytes are 
observed to accumulate at a lesion, such as atherosclerosis, articular rheumatism, osteoarthritis, 
bronchial asthma, and melanoma, for example, thereby arriving at the present invention. 



More specifically, the invention is an agent for inducing expression of the monocyte 
chemotactic factor gene containing as the active ingredient prostaglandin Ei or enantiomer 
thereof expressed by formula (1) below: 



[0010] 



[0011] 



Structure 2 



o 




[ I ] 



OH 
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[0012] 

[In the formula, R' is hydrogen, a straight or branched Ci-Cio alkyl group or 1-equivalent cation. 
When R' is a 1-equivalent cation, the component expressed by -COO in the formula has a 
negative electrical charge of 1 . R^ is hydrogen or a methyl group. R^ is a straight or branched 
Ci-Cio alkyl, or C3-C8 cycloalkyl group, n represents either 0 or 1. X and Y are either -CH2- or a 
sulfur atom, but they cannot both be sulfur atoms.] 

[0013] 

In the aforementioned formula (I), R' represents a hydrogen atom, a straight or branched 
Ci-C,o alkyl group or 1-equivalent cation. The CpCio alkyl group may be methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, or 
n-decyl, for example. Best results are obtained when R' is a hydrogen atom or a C1-C4 alkyl 
group, preferably a hydrogen atom or a methyl group. 

[0014] 

The 1 -equivalent cation may be Na"", K*, or other alkali metal cations; 1/2 Ca , 1/2 Mg , 
1/3 aP*, and other [stoichimetric amounts of] bivalent or trivalent metal cations; ammonium ion, 
ions of tetramethyl ammonium, and cations compounds of other ammonium for example. 

[0015] ^ 

In formula (1) above, R^ represents a hydrogen atom or methyl group. When R is 
hydrogen it is preferred that n be 0. When R^ is methyl it is preferred that « be 1 . 

[0016] 

When R^ of formula (1) above represents a Ci-Cio straight or branched alkyl, it may be 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, 
n-octyl, n-nonyl, n-decyl, 1-methylpentyl, 1-methylhexyl, 1,1-dimethylpentyl, 2-methypentyl, 
2-methylhexyl, 5-methylhexyl, or 2,5-dimethylhexyl, for example. Best results are obtained with 
C3-C8 alkyl groups, preferably n-butyl, n-pentyl, n-hexyl, (2R)-2-methylhexyI, 
(2S)-2-methylhexyl, or 2-methylhexyl. 
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[0017] 

When represents a Ca-Cg cycloalkyl group, it may be cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl, for example. Best results are obtained with 
cyclopentyl and cyclohexyl. 

[0018] 

When n in formula (1 ) above represents 0, the carbon atom in position 15 will be 
assymmetric; preferably the configuration in this case is S. When n is 1 and the carbon in 
position 16 is assymmetric, the configuration may be either S or R, preferably S. 

[0019] 

The configuration of the double bond between the carbon atoms at positions 13 and 14 in 
formula (1) above is E. 

[0020] 

The configurations at positions 8, 1 1 , and 12 of the prostaglandin Ei expressed by 
formula (1) above are identical to natural prostaglandin Ei. The invented prostaglandin Ei has 
these configurations or in the form of enantiomers thereof, or any mixture of these. Indeed, 
prostaglandin E) having this configuration, prostaglandins Ei related to the diastereomers 
thereof, and any mixture thereof also have the effect of inducing expression of the gene for 
monocyte chemotactic factors, such as MCP-l/MCAF, for example. 

[0021] 

The following may be mentioned as preferred concrete examples of the prostaglandin Ei 
used in the invention: 

(1) prostaglandin Ei 

(2) 7-thiaprostaglandin Ei 

(3) 16-methyl-7-thiaprostaglandin Ei 

(4) 17,20-dimethyl-7-prostaglandin Ei 

(5) the ( 1 7R) fonm of Compound 4 

(6) the (17S) form of Compound 4 

(7) 20-methyl-7-thiaprostaglandin Ej 

(8) 1 5-methyl-7-thiaprostaglandin E| 

(9) 16,16-dimethyl-7-thiaprostaglandin Ei 

(10) 1 6, 1 7, 1 8, 1 9,20-pentanol- 1 5-cyclopentyl-7-thiaprostaglandin Ei 

(11) 16, 17, 18,1 9,20-pentanol- 15-cyclohexyl-7-thiaprostaglandin Ei 
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(12) 15-deoxy-16-hydroxy-16-methyl-7-thiaprostaglandin E| 

(13) the (16R) form of Compound 12 

(14) the (16S) form of Compound 12 

(15) 5-thiaprostaglandin E| 

(16) 16-methyl-5-thiaprostaglandin Ei 

(17) 17,20-dimethyl-5-thiaprostaglandin Ei 

(18) the (17R) form of Compound 17 

(19) the (17S) form of Compound 17 

(20) 20-methyl-5-thiaprostaglandin Ei 

(21) 15-methyl-5-thiaprostaglandin Ei 

(22) 16,16-dimethyl-5-thiaprostaglandin Ei 

(23) 16,17,18,1 9,20-pentanol- 1 5-cyclopenty 1-5-thiaprostaglandin E| 

(24) 1 6, 1 7, 1 8, 1 9,20-pentanol- 1 5-cyclohexy 1-5-thiaprostaglandin Ei 

(25) 15-deoxy-16-hydroxy-16-methy 1-5-thiaprostaglandin Ei 

(26) the (16R) form of Compound 25 

(27) the (16S) form of Compound 25 

(28) the methyl esters of Compounds 1 -27 

(29) the ethyl esters of Compounds 1-27 

(30) the tert-butyl esters of Compounds 1 -27 

(31) the sodium salts of Compounds 1-27 

(32) the potassium salts of Compounds 1-27 

(33) the magnesium salts of Compounds 1-27 

(34) the ammonium salts of Compounds 1-27 

[0022] 

Of the invented prostaglandin Ei compounds, prostaglandin Ei is already publicly known. 
7-thiaprostaglandin Ej is manufactured by a process invented separately by the applicant. For 
example, a detailed description is given in Japanese Kokai Patent Application Nos. Sho 
57[1982]-108065 and Sho 58[1983]-1 10562. 5-thiaprostaglandin E| may be manufactured by a 
process invented separately by the applicant. For example, a detailed description is given in 
Japanese Kokai Patent Application Nos. Sho 58[1983]-198466, Sho 59[1984]-122462 and Sho 
61-233664 [1989]. 

[0023] 

The invented prostaglandin E|, as shown in the application examples, has been 
discovered to have an effect in inducing gene expression of monocyte chemotactic factors, such 



as MCP-l/MCAF, for example. Accordingly, if a prostaglandin Ei having this effect is 
administered to the body, it acts upon various types of cells including T^lymphocytes, 
macrophages, smooth muscle cells, fibroblasts, and vascular epithelial cells, so it is possible to 
induce the production of monocyte chemotactic factor in these cells. As a result, said cells will 
act with the effect of causing migration/activation of monoc}^es in the blood, followed by local 
concentration of the monocytes, or they can control the local inflammation/immune response. By 
inducing the production of monocyte chemotactic factors, such as MCP-l/MCAF, for example, it 
is possible to alter the degree of activation and chemotactic capability of monocytes. 

[0024] 

Therefore the invented agent for inducing expression of the monocyte chemotactic factor 
gene can be used as an agent for treating and/or preventing various diseases in which the 
aggregation of monocytes at lesions has been observed. 

[0025] 

The following application examples show that prostaglandin El is an agent for inducing 
expression of the gene for monocyte migration factor, such as MCP-l/MCAF, for example. The 
invention is not limited by these application examples in any way. 

[0026] 

A pplication Example 1 

THP-1 cells (ATCC Registration Number TIB203) derived from peripheral blood of a 
patient with acute monocytic leukemia were suspended to Ix 10^ cells/mL in RPMI 1640 
medium to which had been added 1 0% fetal calf serum. This cell suspension was then poured at 
200 |iL/well into 96-well plates. Then 2 |iL of prostaglandin Ei solution were added to each plate 
to reach final concentrations of 10"^ M, 10"^ M, 10'^ M, and 10'^ M, and this was cultured for 
30 min at 37*^C in a 5% CO2 incubator. Then 2-|iL aliquots of lipopolysaccharide (LPS, £. coli 
01 11:B4, purchased from CalBioChem) solution were added to reach a final concentration of 
1 \xg/m\. This was again incubated for 24 h at 37°C in a 5% CO2 incubator. 

[0027] 

The cultured cells were then recovered by pipette, centrifiiged for 30 sec at 12,000 rpm 
and formed into cell pellets. Using the RNA extraction agent RNAzolB (registered trademark, 
Cosmo Bio Co. Ltd.) the RNA was extracted according to the method of P. Chomczynsk et al. 
{Analytical Biochem., Vol 162, pp. 156-159, 1987). 
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[0028] 



Then, following the method of Thomas Lion et al {Analytical Biochemistry, Vol. 188, 
335-337, 1990), a substrate added DlG-dUTP (digitoxigenin dioxyuridine triphosphate, 
manufactured by Boeringer Mannheim Yamanouchi K.K.) was used and cDNA was synthesized. 
Then the cDNA derived from human MCP-1 mRNA was amplified by PGR. The DNA primers 
used were 5*-AAAGTCTCTGCCGCCCTTCTG and 5'-TTGGGTTTGCTTGTCCAGGTG based 
upon publicly known 282-bp human MCP-1 cDNA sequences (refer to T. Yoshimura et al., Febs 
Letters, Vol. 244, pp. 487-493, 1989). 



The amplified sample was subjected to agarose gel electrophoresis and blotted to a nylon 
membrane. The nylon membrane was allowed to react with alkaline phosphatase-labeled 
anti-DIG antibody (manufactured by Boeringer Mannheim Yamanouchi K.K.). 
Chemiluminescent substrate Lumi-PPD530 (manufactured by Boeringer Mannheim Yamanouchi 
K.K.) was added, and after 30 min this was used to expose X-ray film for 20 min. This was 
placed in a densitometer and measurement was taken at CD 650 nm; the resulting peak surface 
areas are shown in Table 1 as the amounts of MCP-1 gene expression. 



[0029] 



[0030] 



Table 1 




LPSiii&ta 
LPSiSSo 

LPSJian+PGEj lO'^M 
LPSaan+PGE, io"'m 



46. 2 



41. 3 



,9. 6 



5. 3 




Key: 1 
2 
3 



No LPS added 



Cell culturing conditions 

Amount of MCP-1 gene expression 



« 
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4 


LPS added 




5 


LPS added + PGE, 


10-5 M 


6 


LPS added + PGE, 


10-6 M 


7 


LPS added + PGE, 


10-7 M 


8 


LPS added + PGE, 


10-8M 



[0031] 

As shown in Table 1 , at a final concentration of 10"^ M through 10'^ M, prostaglandin E| 
has the effect of inducing 4-5 times the expression of the MCP-1 gene. 

[0032] 

Application Example 2 

An experiment identical to that of Application Example 1 was performed with the 
exception that Synthesis Compound 1 (15-deoxy-16-hydroxy-16-methyl-7-thiaprostaglandin Ei 
methyl ester) was used instead of prostaglandin Ei. The results are shown in Table 2. 



[0033] 



Table 2 













4. 9 


LPSS^ 






10. 2 




10' 


■5m 


43. 3 


Lpsasto+ssnHt-^i 


10' 




44. 8 


Lpsistni+aiiwfc^i 


10' 


-'m 


45. 7 




10" 




42. 1 



1 


Cell culturing conditions 






2 


Amount of MCP-1 gene expression 






3 


No LPS added 






4 


LPS added 






5 


LPS added + Synthesis Compound 1 


10-5 


M 


6 


LPS added + Synthesis Compound 1 


10-6 


M 


7 


LPS added + Synthesis Compound 1 


10-7 


M 



/ 
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8 LPS added + Synthesis Compound 1 lO'^ M 

[0034] 

Application Example 3 

An experiment identical to that of Application Example I was performed with the 
exception that Synthesis Compound 2 ((17R)-17,20-dimethyl-7-thiaprostaglandin Ei methyl 
ester) and Synthesis Compound 3 ((16S)-15-deoxy-16-hydroxy-I6-methyl-5-thiaprostaglandin 
El methyl ester) were used instead of prostaglandin Ei. The results are shown in Table 3. 

[0035] 

Table 3 





MCP-imrFmM. 




Lpsiiaan ■ , . > 


3.- 8 




LPsaao ^' 






LPSifi4n+iiSlWl:-^2 ( i b%) 


2 2. 3 






23. 8 ' 





Key: 1 Cell culturing conditions 

2 Amount of MCP-1 gene expression 
^ 3 No LPS added 

4 LPS added 

5 LPS added + Synthesis Compound 2 lO'^ M 

6 LPS added + Synthesis Compound 3 10"^ M 

[0036] 

A pplication Example 4 

Table 4 shows the results obtained under the experimental conditions described for 
Application Example 1 with the exception that no LPS was added. Even when no LPS is added, 
it is clear that prostaglandin Ei has the effect of inducing MCP-1 gene expression. 
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[0037] 



Table 4 





Mcp-imsrHesut 




4. 8 


PGEj ifiSn lO'^M 


22. 3 


PGEj aan lO'^M 


19. 8 




21. 7 



Key: 1 Cell culturing conditions 

2 Amount of MCP-1 gene expression 

3 Nothing added 

4 PGE, 10-^M 

5 PGEi 10-7 M 

6 PGE, 10-8M 

[0038] 

Effect of the invention 

The invented agent for inducing gene expression can be used as an agent for preventing 
or treating diseases in which monocytes are observed to aggregate at a lesion, such as 
atherosclerosis, articular rheumatism, osteoarthritis and malignant tumors such as melanoma. 



